In vivo dynamics of intracistronic transcriptional polarity.
Transcriptional polarity occurs in Escherichia coli when cryptic Rho-dependent transcription terminators become activated as a consequence of reduced translation. Increased spacing between RNA polymerase and the leading ribosome allows the transcription termination factor Rho to bind to mRNA, migrate to the RNA polymerase, and induce termination. Transcriptional polarity results in decreased synthesis of inefficiently translated mRNAs and, therefore, in decreased expression not only of downstream genes in the same operon (intercistronic polarity) but also of the cistron in which termination occurs (intracistronic polarity). To quantitatively measure the effect of different levels of translation on intracistronic transcription termination, the polarity-prone lacZ reporter gene was fused to a range of mutated ribosome binding sites, repressed to different degrees by local RNA structure. The results show that polarity gradually increases with decreasing frequency of translational initiation, as expected. Closer analysis, with the help of a newly developed kinetic model, reveals that efficient intracistronic termination requires very low translational initiation frequencies. This finding is unexpected because Rho is a relatively small protein that binds rapidly to its RNA target, but it appears to be true also for other examples of transcriptional polarity reported in the literature. The conclusion must be that polarity is more complex than just an increased exposure of the Rho binding site as the spacing between the polymerase and the leading ribosome becomes larger. Biological consequences and possible mechanisms are discussed.